The columnar cell variant of papillary thyroid carcinoma (PTC-CCV) is a rare entity that demonstrates a more aggressive clinical course compared with the more common subtypes of PTC. On histology, it is defined by papillae 
INTRODUCTION
The most common thyroid cancer is papillary thyroid carcinoma (PTC), which represents up to 80% of all thyroid cancers. 1 Although its global incidence has been increasing over the last decades, when its most common variants (ie, classic and follicular) are considered, the prognosis is very good and the mortality rate remains very low. 2, 3 Conversely, so-called "aggressive variants of PTC" have been described, with a behavior that is intermediate between the common variants and poorly differentiated thyroid carcinomas. However, some experts have asserted that the prognosis of this group of tumors is related more to their clinical stage at the time of presentation than to the histological type itself, because circumscribed/encapsulated or small tumors demonstrate a better prognosis. [4] [5] [6] [7] [8] Thus, there still is debate concerning the inherent aggressiveness of these variants, which is complicated by the rarity of each individual subtype and of the group as a whole. One common definition of "aggressive variants of PTC" encompasses the tall cell, diffuse sclerosing, solid, hobnail, and columnar cell variants. [9] [10] [11] [12] [13] [14] Among these, the most misdiagnosed and underrecognized entity most likely is the columnar cell variant of PTC (PTC-CCV). Originally described by Evans et al in 1986 , PTC-CCV is a rare entity that accounts for 0.15% to 0.4% of all PTC cases. 4, [14] [15] [16] On histology, it is defined by the presence of papillae or gland-like structures lined by columnar cells demonstrating prominent nuclear stratification. 17 Because intranuclear pseudoinclusions and nuclear grooving often are absent, and to our knowledge no characteristic cytomorphological features have been identified to date, the diagnosis of PTC-CCV on fine-needle aspiration (FNA) represents a notable challenge for the cytopathologist. However, considering that PTC-CCV represents an aggressive variant of PTC potentially portending an unfavorable prognosis, its correct preoperative identification on FNA cytology could be useful in guiding the initial surgical management. 14 To our knowledge, to date only 8 cases with FNA findings of PTC-CCV have been described in 7 case reports. [18] [19] [20] [21] [22] [23] [24] The current study presents a cytological series of 11 cases of PTC-CCV from 10 patients, with the objective of defining the cytomorphological features of this entity that can help to suggest its diagnosis on FNA material.
MATERIALS AND METHODS

Case Identification
Pathology reports from the electronic archives of the study institutions were searched for cases of surgically resected PTC-CCV with corresponding preoperative cytology during the 21-year period from 1994 through 2015. Of the 14 cases identified, 2 were excluded because the columnar cell component represented <80% of the tumor volume. One additional case was excluded because cytological slides were not available for review. Histological diagnosis of the remaining cases that were retrieved was confirmed according to the current World Health Organization classification of tumors of endocrine organs.
Thus, the study series was composed of 11 samples obtained from 10 patients: 6 cases from the Pathology Unit of the Arcispedale Santa Maria Nuova-IRCCS in Reggio Emilia, Italy; 2 cases from the Institute of Pathology in Locarno, Switzerland; 2 cases from the Department of Pathology at Haydarpasa Numune Education and Research Hospital in Turkey; and 1 case from the Department of Clinical Pathology at Geneva University Hospitals in Geneva, Switzerland. Clinicopathological information (including patient age, sex, prior medical history, imaging, and thyroid function tests) was retrieved for each patient, if available.
All cytological cases consisted of 5 to 15 alcoholfixed, Papanicolaou-stained tests. In addition to the Papanicolaou-stained slides, 8 cases included air-dried, Diff-Quik-stained and May-Grunwald-Giemsa stained smears and 2 cases included liquid-based preparations. One of these cases (a primary tumor and its lymph node metastasis) has already been reported. 25 
Cytomorphologic Features
All cases were individually revised by 2 expert cytopathologists (M.B. and S.P.) who analyzed them for a series of architectural (cellularity, presence of papillae, microfollicles, colloid, necrosis, and psammoma bodies), cellular (cell size, presence of single cells, elongated cells, polygonal cells, and giant cells), and nuclear (chromatin appearance, presence of pseudostratified nuclei, nuclear atypia, nucleoli and mitosis, intranuclear pseudoinclusions, and nuclear grooves) features. For the majority of cytological features, only their presence or absence was recorded. For cellularity, cell size, chromatin appearance, nuclear atypia, and nucleoli, the predominant pattern was recorded: low versus high cellularity, small-to-medium versus medium-to-large cells, clear/ground glass versus dark/densely packed chromatin, absent/mild versus moderate/severe nuclear atypia, and conspicuous versus inconspicuous nucleoli. A more detailed score was used for intranuclear pseudoinclusions and grooves, which represent crucial findings in thyroid cytopathology. If these features were identified easily on each slide, then they were scored as present/abundant. If a thorough search was necessary to identify some nuclei with these features, then they were scored as present/scarce. If they were absent after a thorough search, then they were registered as such.
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RESULTS
Clinical Findings of PTC-CCV
The main clinical features are summarized in Table 1 . The study series included 7 women and 3 men, with a mean age of 49.4 6 8.6 years. One man underwent 2 FNAs: 1 from a thyroid nodule and the other from a metastatic lymph node that manifested 1 year later. The average size of the tumors was 31.6 6 30.5 mm. It is interesting to note that none of the cases had been diagnosed cytologically as PTC-CCV (Table 1) . On FNA, 9 cases, including the metastatic lymph node, were diagnosed as "PTC, not otherwise specified (NOS)"; 1 case was diagnosed as "PTC, NOS" but the possibility of the PTC-CCV variant was suggested in a note; and 1 case was diagnosed as "suspicious for PTC, rule out medullary thyroid carcinoma (MTC)."
Cytohistological Features
The cytological findings of the 11 cases are reported in Table 2 . All cases were hypercellular (Fig. 1A) . Papillary structures were observed in all cases (Fig. 1B) ; 3 cases had papillary architecture mixed with a syncytial/honeycomb pattern ( Fig. 1C ) and 3 cases had papillary architecture mixed with microfollicular structures. In one case, a cribriform pattern also was observed (Fig. 1D ). Colloid deposits were evident in 6 cases (54.5%), whereas necrotic debris and psammoma bodies were never encountered.
In all cases, medium/large cells and single cells ( Fig.  2A) were noted; the cellular silhouette was mostly elongated (9 cases; 82%), with polygonal cells encountered in only 4 cases (36.4%). Giant cells were absent. Chromatin was predominantly dark/densely packed and granular in 9 of the 11 cases (82%) (Fig. 2B ) and clear in the remaining 2 cases (18%). Nuclear pseudostratification (nuclear crowding) was observed in all cases (Figs. 2C and 2D); this aspect can give the cytopathologist the false impression of nuclear hyperchromasia. Absent/mild nuclear atypia was observed in nearly all cases (10 cases; 91%); the remaining case demonstrated enlarged nuclei and nuclear pleomorphism. Nucleoli were predominantly inconspicuous (9 cases; 82%) and only in 1 case did we observed 2 mitoses. Intranuclear pseudoinclusions were scarce despite the abundance of papillary structures; they were found in only 3 cases (27.3%) (Fig. 2E ). Nuclear grooves were absent in Based on these findings, the cytological features that are helpful in distinguishing a PTC-CCV variant are: 1) the presence of a hypercellular smear comprised of papillary structures and dispersed single cells and lacking necrosis; 2) the presence of cellular crowding and pseudostratified nuclei with dark chromatin without atypia, nucleoli, or mitosis; and 3) scarce/absent nuclear pseudoinclusions and predominantly scarce/absent nuclear grooves. The paucity of these last 2 features, which are the hallmarks of the classic variant of PTC, is a peculiar characteristic of PTC-CCV and should alert the cytopathologist to the possibility of this diagnosis.
On histology, all cases demonstrated papillary structures with branches covered by pseudostratified and elongated cells. Cribriform structures also were evident in 4 cases. Nuclei were hyperchromatic and centrally located with pseudostratification. Nuclear grooves and pseudoinclusions were present but in a lower amount compared with the classic variant of PTC; pseudoinclusions were completely absent in 5 cases (Figs. 3A-3D ).
DISCUSSION
PTC-CCV has long been recognized as an independent entity. 15 It recently has come to the attention of pathologists due to the unexpected and controversial immunohistochemical finding of the expression of CDX2 (caudal type homeobox 2), which has been considered as a putative differentiation marker.
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Histologically, PTC-CCV differs from the conventional variant of PTC because of the presence of papillae or gland-like structures lined by pseudostratified columnar cells demonstrating prominent nuclear stratification. Occasional subnuclear or supranuclear cytoplasmic vacuoles, reminiscent of secretory endometrium, have been observed on histology. Because the nuclear features of PTC are not well represented in the CCV, these tumors may be mistaken for metastatic intestinal, endometrial, or pulmonary adenocarcinomas, from which they can be distinguished because of immunohistochemical positivity for both thyroglobulin and thyroid transcription factor 1 (TTF-1). To the best of our knowledge, there is no clear consensus regarding the minimal percentage of columnar cells that confers a diagnosis of PTC-CCV, with reported cases varying from 30% to 80% 4, 14, 16 ; all cases analyzed in the current study demonstrated a CCV component of 80% (cases with lower percentages were excluded).
Cytologically, PTC-CCV is far less characterized because it is rare and it has been believed to lack distinguishing cytomorphological features. Although these lesions sometimes can be diagnosed as PTC on FNA, they rarely are subcategorized as CCV. After the initial description of PTC-CCV by Evans et al, 15 a few case reports have attempted to define the cytomorphological features characterizing this entity. To our knowledge, to date only 8 cases of PTC-CCV and 2 cases of mixed PTC-CCV/tall cell variant (TCV) have been described in the cytological literature; the details of such cases are summarized in Table  3 . [18] [19] [20] [21] [22] [23] [24] It is interesting to note that none of these cases was diagnosed as CCV on FNA cytology, and a diagnosis of PTC had been made in only 3 cases. This most likely is because nuclear grooving and intranuclear pseudoinclusions (features that define the classic PTC variant) are present only rarely and in a minority of CCV cases; in fact, in the 8 published cases, they were reported as occasional findings in 4 and 2 cases, respectively. [18] [19] [20] [21] [22] [23] [24] As a case in point, one case of PTC-CCV was misdiagnosed as respiratory epithelium due to nuclear pseudostratification and the absence of nuclear grooves and intranuclear cytoplasmic inclusions; a case of PTC metastatic to a parotid gland was mistaken for a primary salivary gland neoplasm due to hypercellularity. 20, 22 From an architectural standpoint, papillary fragments were present in all 8 cases described to date (Table 3) , [18] [19] [20] [21] [22] [23] [24] on either conventional smears or cell block preparations; other patterns that occasionally were identified included glandular/acinar structures (3 of 8 cases; 37.5%), monolayered sheets (3 of 8 cases; 37.5%), microfollicles (2 of 8 cases; 25%), and syncytial aggregates (2 of 8 cases; 25%). Only in 1 case were single cells found to be exclusively present. Columnar cells were observed in 7 cases, in 4 of which they demonstrated prominent pseudostratification; spindle morphology coexisted with the columnar one in 2 cases. The generally moderate-to-abundant cytoplasm sometimes was vacuolated (3 of 8 cases; 37.5%) and the nuclei were mostly oval to elongated (5 of 8 cases; 62.5%), with a chromatin described as stippled/granular (5 of 6 cases; 83%). Nucleoli, when described, most often were inconspicuous (3 of 5 cases; 60%).
The cytological features of both the TCV and CCV (ie, abundant nuclear grooving and intranuclear pseudoinclusions) associated with columnar cell and nuclear pseudostratification were described by Putti et al; Tranchida et al also observed frequent grooves and inclusions in the CCV component in a mixed (TCV and CCV) case. 30, 31 To the best of our knowledge, the current analysis of 11 samples (including 10 primary lesions and 1 metastatic lesion) exceeds the total number of isolated cases previously published, and it comprises PTC-CCV with an extensive columnar cell component (80%). In our practice, we have faced all the aforementioned diagnostic difficulties that hinder the correct identification of the CCV: indeed, 10 cases were diagnosed as "PTC, NOS" and the remaining case was diagnosed as "PTC, rule out MTC." Surprisingly, none of the cases in the current study has been cytologically diagnosed as a metastatic tumor because only 1 patient had a previous history of colonic adenocarcinoma. 25 If relatively common malignancies such as colonic/endometrial adenocarcinoma are present in the patient's history, they might mislead the cytological diagnosis of PTC-CCV (discussed further below). Similar to those reported so far, the cases in the current study demonstrated high cellularity and were composed mostly of papillary structures, monolayered fragments, syncytial aggregates, and microfollicular structures. Cells were medium to large in size and predominantly elongated. We noticed in the study cases of PTC-CCV a predominance of nuclei with densely packed chromatin and pseudostratified (crowded) nuclei, which confer to the smear a dark, pseudohyperchromatic appearance. In the reported cases (Table 3) , [18] [19] [20] [21] [22] [23] [24] the appearance of the chromatin was quite different. Despite the presence of rare intranuclear pseudoinclusions (27.3%) and nuclear grooves (easily identified in 2 cases and visible only after a thorough search in another 5 cases), the diagnosis of PTC was not missed in any of the cases in the current study; this is in contrast to previously reported cases (Table 3) 18-24
: only 3 of the 8 cases were diagnosed as PTC. The presence of other diagnostic criteria for PTC in the current series, namely remarkable hypercellularity and papillary structures, most likely compensated for the lack of intranuclear pseudoinclusions and nuclear grooves. In one case, the diagnosis of PTC-CCV was suggested in a comment on the cytology report. Other cytological features typical of PTC, such as psammoma bodies and giant cells, were not observed in the current study cases.
The hyperchromatic nuclei and paucity of intranuclear pseudoinclusions could suggest MTC; in this instance, immunocytochemistry for thyroglobulin and calcitonin is mandatory. 24 In the cases in the current study, the diagnosis of MTC was suggested in only one case, yet immunocytochemistry was not performed to definitively rule out this possibility. Conversely, immunohistochemistry was performed on another case, the FNA specimen from the metastatic lymph node, because the patient had a previous history of colonic adenocarcinoma. In fact, the differential diagnosis with a metastatic process can be difficult, especially in patients with a known history of previous malignancies. Pseudostratified nuclei and CDX2 expression could raise suspicion of a metastatic colonic carcinoma. 10, 26 However, true papillae are rare in the latter, whereas necrosis is more common. 18 The intense immunoreactivity for TTF-1 definitively helps to rule out a metastatic colon carcinoma. 25 In contrast to the other aggressive variants of PTC (TCV and the diffuse sclerosing variant) that demonstrate some particular ultrasonographic features (ie, microlobulated, markedly hypoechoic nodules with microcalcifications and extrathyroidal extension) and high [
18 F]fluorodeoxyglucose uptake, PTC-CCV is not known to present with any specific radiologic characteristic.
32-34
Conclusions
The cytological diagnosis of PTC-CCV is challenging because of its rarity and the consequent lack of relevant experience in the cytopathology community. However, some characteristic cytological features do exist: hypercellular smears composed almost exclusively of papillary structures with pseudostratified nuclei associated with rare nuclear grooves and intranuclear pseudoinclusions are highly suggestive of PTC-CCV.
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